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Abstract

Background: Dyskeratosis congenita (DC) is a rare genetic disorder of bone marrow failure inherited in an X-linked,
autosomal dominant or autosomal recessive pattern. It has a wide array of clinical features and patients may be
cared for by many medical sub specialties. The typical clinical features consist of lacy reticular skin pigmentation,
nail dystrophy and oral leukoplakia. As the disease advances, patients may develop progressive bone marrow
failure, pulmonary fibrosis, oesophageal stenosis, urethral stenosis, liver cirrhosis as well as haematological and solid
malignancies. Several genes have been implicated in the pathogenesis of dyskeratosis congenita, with the dyskerin
pseudouridine synthase 1 (DKC1) gene mutations being the X-linked recessive gene.

Case presentation: Herein, we report a 31-year-old male with history of recurrent febrile episodes who was found
to have reticulate skin pigmentation interspersed with hypopigmented macules involving the face, neck and extremities,
hyperkeratosis of palms and soles, nail dystrophy, leukoplakia of the tongue, premature graying of hair, watery eyes and
dental caries. Several of his male relatives, including two maternal uncles and three maternal cousins were affected with
a similar type of disease condition. Pedigree analysis suggested a possible X-linked pattern of inheritance. Genetic
testing in the proband showed a novel hemizygous, non-synonymous likely pathogenic variant [NM_001363.4:
c.1054A > G: p.Thr352Ala] in the PUA domain of the DKC1 gene. Quantitative polymerase chain reaction for relative
telomere length measurements performed in the proband showed that he had very short telomeres [0.38, compared
to a control median of 0.71 (range 0.44–1.19)], which is consistent with the DC diagnosis. Co-segregation analysis of
the novel mutation and telomere length measurements in the extended family members could not be performed as
they were unwilling to provide consent for testing.

Conclusions: The novel variant detected in the DKC1 gene adds further to the existing scientific literature on the
genotype-phenotype correlation of DC, and has important implications for the clinical and molecular characterization
of the disease.
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Background
Dyskeratosis congenita (DC), also known as Zinsser
Cole-Engman syndrome, is a rare genetic disorder with
multi-system involvement and reduced survival. At least
12 genes have been implicated in the pathogenesis of
DC, with the dyskerin pseudouridine synthase 1 (DKC1)
gene mutations being the commonest. DC is inherited in
an X-linked, autosomal dominant or autosomal recessive
pattern. Majority of DC cases are X-linked and caused
by pathogenic variants in the DKC1 gene (20–25%).
However, in 20–30% of cases no variants can be identi-
fied [1]. DKC1 encodes the peptide dyskerrin, which is
responsible for ribosome biogenesis and telomere main-
tenance. Germline mutations in telomere biology genes
result in aberrantly short telomeres and progressive cell
death and chromosomal instability [1]. DC is clinically
characterized by the clinical triad of lacy reticular skin
pigmentation mainly involving the neck and upper an-
terior chest, nail dystrophy and oral leukoplakia. The
clinical spectrum includes various presentations with
bone marrow failure, pulmonary fibrosis, liver failure,
oesophageal stenosis, urethral stenosis, as well as eye
abnormalities (epiphora, blepharitis, sparse eyelashes, ec-
tropion, entropion, trichiasis), dental caries, periodontal
disease and taurodontism [2]. Patients with DC are also
at increased risk of developing hematological and solid
tumours including myelodysplastic syndrome, acute
myelogenous leukaemia, squamous cell carcinoma of
head/neck and anogenital cancer [3]. The premature

mortality in DC is mainly due to bone marrow failure,
and the only curative treatment is haematopoietic stem
cell transplantation [4]. In this report, we describe a case
of DC with X-linked pattern of inheritance who was
found to have a novel hemizygous, non-synonymous
likely pathogenic variant in the DKC1 gene.

Case presentation
A 31-year-old male from Udupiddy Jaffna, in the Northern
Province of Sri Lanka, presented to the medical casualty
with fever of 1 week duration as his first ever medical
consultation. He gave a history of recurrent febrile epi-
sodes which resolved spontaneously over the preceding
2 months. Clinical examination showed the presence of
reticulate skin pigmentation interspersed with hypopig-
mented macules involving the face, neck and extremities,
hyperkeratosis of palms and soles and nail dystrophy
(Fig. 1), which he claimed to have had since the age of
15-years. He had noticed progressive worsening of the
skin changes since then. In addition, he had leukoplakia
of the tongue, premature graying of hair, watery eyes
and dental caries.
He was a product of a non-consanguineous marriage.

Several of his maternal male relatives, including two
deceased maternal uncles and three maternal cousins
were reported to be affected with a similar disease con-
dition (Fig. 2). One of his sisters had similar localized
skin pigmentation in the hands and nail changes. How-
ever, clinical and genetic confirmation were lacking in

Fig. 1 Clinical features of the proband with dyskeratosis congenita showing: a oral leukoplakia, reticular hyperpigmentation of the neck and
upper chest, b hypopigmented patches on the leg, c dysplastic finger nails, d adermatoglyphia, e lacy reticular hyperpigmentation of the
lower limb
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the family members. Analysis of the pedigree con-
structed from the proband’s mother’s recollections sug-
gested a possible X-linked pattern of inheritance.
Clinical diagnosis of DC was made based on the
classical clinical features at presentation. Initial investi-
gations showed pancytopenia (Total white blood cells:
2.48 × 103/μl [4 – 11 × 103/μl], neutrophils: 1.39 × 103/μl
[2 - 7 × 103/μl], lymphocytes: 0.44 × 103/μl [0.8 - 4 × 103/μl],
monocytes: 0.61 × 103/μl [0.12 -1.2 × 103/μl], red blood
cells: 3.24 × 106/μl [3.5 - 5.5 × 106/μl], platelets: 90 × 103/μl
[150 - 450 × 103/μl]), ESR: 60 mm/1st hour [0 - 22 mm/1st
hour] and C - reactive protein: 83 mg/l [0 - 6 mg/l]. He had
a macrocytic anemia with a haemoglobin level of 11.3 g/dl
[13.5 - 17.5 g/l] and Mean Corpuscular Volume of 101.6 fl
[80 - 96 fl]. Blood film showed pancytopenia. Bone
marrow aspiration and biopsy confirmed bone marrow

failure. Ultrasound scan of the abdomen showed
splenomegaly of 13 cm. Initial chest radiograph was
unremarkable.
Written informed consent was obtained from the pa-

tient for the genetic analysis. DKC1 gene was analyzed
by polymerase chain reaction (PCR) amplification and
sequencing of both DNA strands of the entire coding
region and conserved exon-intron splice junctions. A
previously unreported hemizygous, non-synonymous
likely pathogenic variant (NM_001363.4: c.1054A > G:
p.Thr352Ala) was identified. This variant was predicted
as probably damaging using the software analysis tools
Provean, Mutation Taster and Align-GVGD. It is lo-
cated in a moderately conserved nucleotide and highly
conserved amino acid position with small physiochem-
ical differences between the exchanged amino acids

Fig. 2 Pedigree constructed from the details provided by the proband’s mother: i) proband’s maternal uncle died due to a febrile illness at the
age of 26 years, ii) proband’s maternal uncle died at the age of 50 years due to tuberculosis, iii) proband’s sister is a probable carrier with history
of similar localised skin pigmentation and nail changes but no history of significant illnesses or recurrent infections
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(Alamut v.2.7.1). It resides in a functionally important
domain of the DKC1 gene known as the PUA domain,
near Ala353Val which is a common hot spot of the
DKC1 mutations. This novel variant was not found in
the Exome Aggregation Consortium database (which
comprises approximately 60,000 subjects), or in any of the
other population specific databases (1000 Genomes). It
was also absent in our existing 50 de-identified Sri Lankan
exome/genome sequences.
Genetic counseling and familial co-segregation analysis

in the mother, unaffected brothers and sisters, maternal
sisters and their affected sons, and affected maternal un-
cles could not be done as the family members were un-
willing to provide consent for genetic testing. DC is also
commonly confirmed by molecular diagnosis when a pa-
tient’s peripheral blood mononuclear cell telomere
length is shorter than 99% of the age-matched popula-
tion (i.e. below the 1 percentile) or by determining de-
creased telomerase RNA levels. Quantitative PCR
(qPCR) for relative telomere length measurements was
performed in the proband (extended family members
were unwilling to undergo testing). Relative telomere
length determination by qPCR measures the ratio of
telomere (T) signals, specific to the telomere hexamer
repeat sequence TTAGGG, to autosomal single copy
gene (S) signals. This ratio is normalized by control
DNA samples to yield relative standardized T/S ratios
proportional to average telomere length. In this tech-
nique reactions are performed independently, so a stand-
ard curve of pooled genomic DNA samples is utilized to
assess the amount of each signal, while compensating
for inter-plate variations in PCR efficiency. This telo-
mere length measurement assay was adapted from the
published method by Cawthon [4]. The results showed
that his relative telomere length (T/S ratio) was 0.38,
compared to a control median of 0.71 (range 0.44-1.19)
by qPCR, indicating that the patient, indeed, had very
short telomeres, which is consistent with the DC
diagnosis (Fig. 3).
Functional characterization of the novel DKC1 variant

to determine the effects of the variant on protein level
could not be performed as the resources needed to con-
duct such complex and highly technical assays were not
readily available at our centre. However, based on the
data outlined above and the typical phenotypic features
in the proband along with the strong family history sug-
gestive of X-linked inheritance pattern, it is likely that
hemizygosity for the novel variant resulted in DC in this
patient. Repeat bone marrow biopsy done 3 months later
confirmed the diagnosis of evolving bone marrow failure,
compatible with a congenital bone marrow failure syn-
drome. He was re-admitted 3 months after the initial diag-
nosis with 1 week history of fever, and clinical features of
pneumonia. His disease took a rapidly progressive course

with severe dysphagia and vomiting developing over
3 weeks. In addition, he developed severe pancytopenia
with acute liver failure and succumbed to his illness
4 months after the initial diagnosis.

Discussion and conclusions
In the diagnostic evaluation of this patient who pre-
sented with fever and pancytopenia, the initial differen-
tial diagnoses were DC or Fanconi anemia. However,
with the classical clinical triad of lacy reticular skin pig-
mentation, oral leukoplakia and nail dystrophy, absence of
bone abnormalities, and a strong family history, he was di-
agnosed as having DC. Hoyeraal Hreidarsson syndrome
and Revesz syndrome are two severe forms of DC which
manifest in early childhood. Hoyeraal Hreidarsson syn-
drome is characterized by the presence of clinical features
of DC along with cerebellar hypoplasia, immunodefi-
ciency, intra uterine growth retardation and developmen-
tal delay [5]. Revesz syndrome is diagnosed in the
presence of bilateral exudative retinopathy with typical
features of DC [6]. None of the features of the above two
syndromes were found in our patient.
Germline mutations in key components of telomere

biology result in the extremely short telomeres charac-
teristic of DC. Several genes have been identified as be-
ing responsible for this syndrome including: DKC1, CTS
Telomere Maintenance Complex Component 1 (CTC1),
Regulator of Telomere Elongation Helicase 1 (RTEL1),
TERF 1 Interacting Nuclear Factor 2 (TINF2), Telomerase
RNA Component (TERC), Telomerase Reverse Tran-
scriptase (TERT) [1], Adrenocortical Dysplasia Homolog

Fig. 3 Proband has short telomeres relative to age matched controls.
qPCR telomere length assay was performed using genomic DNA as a
template on the proband and 66 controls of variable ages. Telomere
length is plotted versus age in years. ● = controls ▲ = proband,
marked with an arrow
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(ACD) [7], NHP2 Ribonucleoprotein (NHP2) [8], NOP
10 Ribonucleoprotein (NOP10) [9], Poly(A)-specific
Ribonuclease (PARN) [10], Nuclear assembly factor 1
(NAF1) [11] and WD Repeat Containing Antisense to
TP53 (WRAP53 (TCAB1)) [12]. Among these, DKC1
mutations are the most common [1]. Nearly 40 patho-
genic variants have so far been reported in the DKC1
gene [1]. Our patient, with classical clinical features,
very short telomeres, and a history of similar disease
condition among his relatives, fulfilled the criteria for
DC [13]. X-linked pattern of inheritance was observed
from his pedigree analysis, however clinical and genetic
confirmation of the presumed DC diagnosis was lacking
among his extended family members. It has been re-
ported that patients with X-linked pattern of inherit-
ance commonly have mutations in the DKC1 gene [14],
encoding the peptide dyskerrin, which is responsible for
ribosome biogenesis and telomere maintenance [15]. It
has also been reported that carrier females with patho-
genic DKC1 variants may be mosaics and may mani-
fest cutaneous and parenchymal telomere phenotypes
due to X-chromosome skewing. Even though one of
his sisters had similar localized skin pigmentation in
the hands, clinical or genetic confirmation of her car-
rier status could not be ascertained to corroborate the
preceding statement regarding mosaic female carriers,
as she was unwilling to provide consent for genetic
testing [16].
This patient presented for his first ever medical con-

sultation at a relatively advanced stage, despite the
strong family history of an undiagnosed hereditary dis-
ease and early deaths among male relatives. Even though
he was worried about his cosmetic appearance, he was
reluctant to seek medical attention due to lack of aware-
ness and the fear of social stigma. Even mild depression
may adversely affect a patient’s willingness to seek
medical attention and enthusiasm for regular follow up
[17], especially in the Sri Lankan context. This is an
additional challenge and concern in the treatment of
DC, highlighting the need for psychological support and
the important role of genetic counseling in helping the
family members to clarify their genetic risk status and
make informed decisions. Primary care physicians, den-
tists, and dermatologists should be vigilant enough to
diagnose this rare condition in their clinical practice,
where patients may present with recurrent febrile ill-
nesses, dental problems, and skin or nail changes for
routine evaluation. Psychological and socio-cultural issues
are often overlooked and should be addressed in the over-
all management of DC. The novel variant identified here
in the DKC1 gene adds further to the existing scientific
literature on the genotype-phenotype correlation of DC
and has important implications for the clinical and mo-
lecular characterization of the disease condition.

Abbreviations
DC: Dyskeratosis congenita; DKC1: Dyskerin pseudouridine synthase 1;
PCR: Polymerase chain reaction; qPCR: Quantitative polymerase chain reaction

Acknowledgements
We thank Centogene AG, Schillingallee 68, 18057 Rostock, Germany for
performing the DKC1 gene sequencing in the proband.

Funding
The work of CLD, LJM, and SAS was supported by the intramural research
program of the Division of Cancer Epidemiology and Genetics, National
Cancer Institute, National Institutes of Health, Bethesda, MD, USA.

Availability of data and materials
The submission accession number of the sequence variant
[DKC1:NM_001363.4:c.1054A > G p.Thr352Ala] in the ClinVar database is
SCV000576414.1 (accessible at https://www.ncbi.nlm.nih.gov/clinvar/
variation/427887/). The primers and conditions for thermal cycling, and
the datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
RV was the attending registrar of the patient in the medical ward and major
contributor in collecting the images and drafting the manuscript. NS and TK
were the treating physicians and contributed in drafting and revising the
manuscript. NDS helped in carrying out the genetic analysis and contributed
in drafting and revising the manuscript. NMG analyzed the sequencing data
and drafted the diagnostic report. OB assisted by discussing the data,
medically evaluated the diagnostic report and revised the manuscript. CLD,
LJM and SAS evaluated the telomere length of the proband and revised the
manuscript. VHWD critically revised the manuscript. All authors critically
reviewed and revised the manuscript and approved the final draft.

Authors’ information
RV: MBBS, Registrar in medicine, University Medical Unit, Teaching Hospital
Jaffna, SriLanka. NS: MBBS (Jaffna), MD (Colombo), MRCP (UK), MRCP (Ireland),
MRCPS (Glasg), MRCP (London), M.Sc (Medical Toxicology) (Col) Head and
Senior Lecturer, Department of Medicine, Faculty of Medicine, University of
Jaffna, Consultant Physician, Teaching Hospital Jaffna, Sri Lanka. TK: MBBS,
MD, FRCP (Edin), FACP, Consultant Physician and Senior Lecturer in Medicine,
University Medical Unit, Teaching Hospital Jaffna, Sri Lanka. NDS: M.B.B.S.,
MSc (Clinical Genetics), CTHE SEDA (UK), Clinical Geneticist & Senior Lecturer,
Human Genetics Unit, Faculty of Medicine, University of Colombo, Sri Lanka.
NMG: PhD, Clinical Scientist, Centogene AG, Schillingallee 68, 18,057 Rostock,
Germany. OB: PhD, MD, Director Medical Reporting, Centogene AG,
Schillingallee 68, 18,057 Rostock, Germany. CLD: Associate Scientist, Cancer
Genomics Research Laboratory, Division of Cancer Epidemiology and Genetics,
National Cancer Institute, USA. LJM: MD, PhD, Clinical Fellow, Clinical Genetics
Branch, Division of Cancer Epidemiology and Genetics, National Cancer
Institute, USA. SAS: MD, Branch Chief, Clinical Genetics Branch, Division of
Cancer Epidemiology and Genetics, National Cancer Institute, USA. VHDW:
MBBS, PhD, FNASSL, Medical Geneticist, Chair & Professor of Anatomy, Director,
Human Genetics Unit, Faculty of Medicine, University of Colombo, Sri Lanka.

Ethics approval and consent to participate
Written informed consent was obtained from the patient for genetic testing
as part of standard care. A copy of the written consent is available for review
by the Editor of this journal.

Consent for publication
Written informed consent was obtained from the proband’s mother for the
publication of all personal information contained in this case report and
accompanying images. A copy of the written consent is available for review
by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ratnasamy et al. BMC Medical Genetics  (2018) 19:85 Page 5 of 6

https://www.ncbi.nlm.nih.gov/clinvar/variation/427887
https://www.ncbi.nlm.nih.gov/clinvar/variation/427887


Author details
1University Medical Unit, Teaching Hospital Jaffna, Jaffna, Sri Lanka. 2Human
Genetics Unit, Faculty of Medicine, University of Colombo, Kynsey Road,
Colombo 8, Sri Lanka. 3Centogene AG, Schillingallee 68, 18057 Rostock,
Germany. 4Cancer Genomics Research Laboratory, Leidos Biomedical
Research, Inc., Frederick National Laboratory for Cancer Research, Frederick,
Maryland, USA. 5Clinical Genetics Branch, Division of Cancer Epidemiology
and Genetics, National Cancer Institute (NCI), Bethesda, Maryland, USA.

Received: 23 March 2017 Accepted: 19 April 2018

References
1. Savage SA. Dyskeratosis Congenita. Seattle: University of Washington; 1993.

http://www.ncbi.nlm.nih.gov/pubmed/20301779. Accessed 9 Feb 2017.
2. Savage SA, Bertuch AA. The genetics and clinical manifestations of telomere

biology disorders. Genetics in Medicine. 2010;12:10.
3. Alter BP, Giri N, Savage SA, Rosenberg PS. Cancer in dyskeratosis congenita.

Blood. 2009;113:6549–57.
4. Cawthon RM. Telomere measurement by quantitative PCR. Nucleic Acids

Res. 2002;30:e47.
5. Hoyeraal HM, Lamvik J, Moe PJ. Congenital hypoplastic thrombocytopenia

and cerebral malformations in two brothers. Acta Paediatr Scand.
1970;59:185–91.

6. Revesz T, Fletcher S, al-Gazali LI, DeBuse P. Bilateral retinopathy, aplastic
anaemia, and central nervous system abnormalities: a new syndrome?
J Med Genet. 1992;29:673–5.

7. Guo Y, Kartawinata M, Li J, Pickett HA, Teo J, Kilo T, et al. Inherited bone
marrow failure associated with germline mutation of ACD, the gene
encoding telomere protein TPP1. Blood. 2014;124:2767–74.

8. Vulliamy T, Beswick R, Kirwan M, Marrone A, Digweed M, Walne A, et al.
Mutations in the telomerase component NHP2 cause the premature ageing
syndrome dyskeratosis congenita. Proc Natl Acad Sci U S A. 2008;105:8073–8.

9. Walne AJ, Vulliamy T, Marrone A, Beswick R, Kirwan M, Masunari Y, et al.
Genetic heterogeneity in autosomal recessive dyskeratosis congenita with
one subtype due to mutations in the telomerase-associated protein NOP10.
Hum Mol Genet. 2007;16:1619–29.

10. Tummala H, Walne A, Collopy L, Cardoso S, Fuente J, Lawson S, et al.
Poly(a)-specific ribonuclease deficiency impacts telomere biology and
causes dyskeratosis congenita. J Clin Invest. 2015;125:2151–60.

11. Stanley SE, Gable DL, Wagner CL, Carlile TM, Hanumanthu VS, Podlevsky JD,
Armanios M. Loss-of-function mutations in the RNA biogenesis factor NAF1
predispose to pulmonary fibrosis-emphysema. Sci Transl Med. 2016;8:351ra107.

12. Zhong F, Savage SA, Shkreli M, Giri N, Jessop L, Myers T, et al. Disruption of
telomerase trafficking by TCAB1 mutation causes dyskeratosis congenita.
Genes Dev. 2011;25:11–6.

13. Vulliamy TJ, Marrone A, Knight SW, Walne A, Mason PJ, Dokal I. Mutations in
dyskeratosis congenita: their impact on telomere length and the diversity of
clinical presentation. Blood. 2006;107:2680–5.

14. Heiss NS, Knight SW, Vulliamy TJ, Klauck SM, Wiemann S, Mason PJ, et al.
X-linked dyskeratosis congenita is caused by mutations in a highly conserved
gene with putative nucleolar functions. Nat Genet. 1998;19:32–8.

15. Meier UT. The many facets of H/ACA ribonucleoproteins. Chromosoma.
2005;114:1–14.

16. Alder JK, Parry EM, Yegnasubramanian S, Wagner CL, Lieblich LM, Auerbach R,
et al. Telomere phenotypes in females with heterozygous mutations in the
dyskeratosis congenita 1 (DKC1) gene. Hum Mutat. 2013;34:1481–5.

17. Turner J, Kelly B. Emotional dimensions of chronic disease. West J Med.
2000;172:124–8.

Ratnasamy et al. BMC Medical Genetics  (2018) 19:85 Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/20301779

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

